A pH indicator and dextrose were incorporated into growth media as a modification of microbial microtiter methods for determining the minimal inhibitory concentration of antimicrobial drugs. This modified method was tested to evaluate the ease of reading end points by changes in the indicator color. Application 
A pH indicator and dextrose were incorporated into growth media as a modification of microbial microtiter methods for determining the minimal inhibitory concentration of antimicrobial drugs. This modified method was tested to evaluate the ease of reading end points by changes in the indicator color. Application of the procedure to two media, three indicators, and eight species of bacteria indicated that definitive end points could be reached as a result of indicator color change caused by acid production during bacterial growth. This method is accurate and reproducible. It is a modification which eliminates a need for plating and facilitates the reading of minimal inhibitory concentration end points.
The serial dilution technique, in test tubes, has been a standard method for determining the minimal inhibitory concentration (MIC) of antibacterial drugs (6) . Because Table 2 demonstrates the accuracy of the method by comparing the MIC levels for trimethoprim found by the microtiter method with the use of a pH indicator to the MIC levels found by plate dilution methods reported by Bushby and Hitchings (1) and Darrell, Garrod, and Waterworth (2), and by the tube dilution method reported by Reisberg, Herzog, and Weinstein (4). With four strains of P. vulgaris, the MIC values obtained by the present method were within a range of 0.8 to 0.1 Ag/ml; values obtained by plate dilution methods (1, 2) ranged from 4.0 to 0.5 ,ug/ml, and those obtained by a tube dilution method (6) ranged from 12.5 to 0.4 ,g/ml. Similar correlations were observed with the other assay bacteria. The MIC of trimethoprim for E. coli by the modified microtiter technique was 0.4 to 0.1 ,ig/ml as compared with 0.2 to 0.03 ,ug/ml by plate dilution (1, 2) and 0.8 to 0.2 ug/ml by tube dilution (4). The MIC values for Klebsiella sp. and E. aerogenes were 1.5 to 0.2 ,ug/ml by microtiter, 16 to 0.06 ,ug/ml by plate dilution (1, 2), and 50 to 0.4 ,ug/ml by tube dilution (4) . S. aureus assays by microtiter with indicator media resulted in MIC values from 0.8 to 0.2 Ag/ml; by plate dilution methods, values of 0.5 to 0.12 ,ug/ml were obtained (1, 2; Table 2 ).
The modified microtiter method was used with equal success to determine the MIC of the following additional antimicrobials: diaveridine, sodium methicillin, kanamycin, and gentamicin. When the method was applied to sulfisomadine, sulfadiazine, sulfamethoxazole, and a triple sulfa, MIC determinations were made with moderate success, although the values obtained were higher than those reported in the literature. Preliminary work on sulfapyridine, sulfamerizine, sulfacetamide, and sulfachlorpyridazine indicates that the same results will apply to these sulfas. DISCUSSION The procedure used for the determination of MIC values was essentially the method described by Harwick, Weiss, and Fekety (3). In the development of the present procedure, Nutrient Broth was first tried as the growth medium, and the MIC was apparent when growth was confirmed by transfer to a TSA plate. This transfer was necessary because of difficulty in determining the growth in the microtiter plates on a turbidity basis alone; however, plating not only involved an extra day, but was not applicable to drugs which were merely bacteriostatic rather than bactericidal. The presence of the indicator in the medium eliminated the problems of reading growth strictly on a turbidity basis. The end point was an easy-to-read color change, clearly visible in most cases, and assays could be conducted in biological fluids which are themselves cloudy and tend to obscure results.
In this paper, trimethoprim was chosen to exemplify the reproducibility and accuracy of the method because of the extensive work done on this drug. Except for the sulfonamide derivatives, MIC values were determined successfully with equal reproducibility and accuracy for the other antimicrobial drugs listed. We suspect that the variability found in sulfonamide determinations, in particular the higher end points, is a result of assaying in biological fluids, which may contain sulfonamide inhibitors, rather than a problem in the method.
The use of broth containing an indicator as the growth medium in microtiter assays, with the color change as an indicator of growth, is a modification having a wide application. Since a variety of bacterial species are able to ferment glucose or other sugars, this facet of the procedure should present no problem in the majority of cases. Pseudomonas, although it produces no acid from glucose, was assayed by this method and produced no color change with incubation. The drug end point for this organism was obscure and difficult to determine in comparison with the other bacteria listed. This study primarily involved ATCC bacterial strains. The clinical isolates tested gave results as satisfactory as the ATCC strains; however, extensive tests with recent clinical isolates, which might not readily produce acid, were not included.
All media-indicator combinations listed in this study were used with equal success. MuellerHinton Broth was used as a specialized medium in assaying for sulfonamides. Results suggest that a range of growth media as well as other specialized media could be used, depending on the drug or conditions of the assay. When the pH range was critical, the indicator was changed to fit the need; e.g., phenol red was used for a starting pH above 7.0 and bromothymol blue for a starting pH range of 6.5 to 6.8.
In conclusion, this technique is recommended as a rapid, precise, and accurate means of determining the MIC of a number of antibiotics and antimicrobials. This technique appears to be an improvement over usual turbidity methods used for reading end points within the microtiter system, particularly when biological fluids are used.
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